Introduction
Pancreatic cancer is a lethal disease with very poor prognosis. Pancreatic cancer is the fourth leading cause of cancer-related deaths in the US in 2017 and is projected to become the second by 2030. 1, 2 The early stage of pancreatic cancer is often asymptomatic and as a result, at the time of the first diagnosis it has often become an advanced cancer. More than 38% of pancreatic ductal adenocarcinoma (PDAC) patients were submit your manuscript | www.dovepress.com
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Tao et al found to have metastasis, and only a small number of patients have the opportunity to receive surgical resection according to clinical guidelines. The 5-year overall survival (OS) rate among patients with metastatic pancreatic cancer (mPC) is ~2% 3,4 and has not improved for decades. Chemotherapy is the primary treatment for mPC. 5 Leucovorin, fluorouracil, irinotecan, and oxaliplatin (FOL-FIRINOX) regimens and gemcitabine alone or in combination with other chemotherapeutic drugs is recommended according to the performance status (PS) and comorbidity profile of the patient. 4 Surgical resection of the primary tumor is not suggested by clinical guidelines and is not usually considered by practitioners. However, current evidence suggests that local treatment of the primary tumor results in prolonged survival in a variety of metastatic cancer types, including renal cell cancer, 6 colorectal cancer, 7 and prostate cancer. 8, 9 Two recent large-scale population-based studies further demonstrated the survival benefit of local treatment in metastatic prostate cancer. 9, 10 These findings have potential implications for the surgical management of mPC. For mPC patients, there is no consensus on the eligibility criteria for surgical resection of primary cancer in the current data. However, based on our clinical experience and literature reports, [11] [12] [13] the criteria may include at least four aspects: first, the patient can tolerate operation; second, the patient has a strong willingness to receive the operation; third, the operation may solve some other major symptoms, such as obstruction; and fourth, the operation can ensure total removal of the cancer tissues, including the metastases. In addition to the former two aspects, patients need to meet the third or the fourth. In the current study, we used the Surveillance, Epidemiology and End Results (SEER) database to investigate the survival outcomes of patients with mPC who were treated with or without surgical resection of the primary tumor in a contemporary cohort.
Methods
Patient cohort
The data of this study were extracted from the SEER-18 registry of the National Cancer Institute. The database is publicly available, and we retrieved the data using SEER*Stat software Version 8.3.4. Because the SEER database used deidentified data, this study was exempted from institutional review board oversight. We identified patients diagnosed between January 1, 2004, and December 31, 2013, with a primary site of "pancreas", with American Joint Committee on Cancer (AJCC) stage (sixth edition) IV and with International Classification of Diseases for Oncology, Third Edition (ICD-O-3) codes 8010, 8020, 8140, 8141, and 8144 from the SEER database (variants of adenocarcinoma). Patients with unknown survival data, with unknown surgery information, or treated with postoperative radiation were excluded. The process of patient selection is shown in Figure 1 .
Data collection
The following demographic information was collected from each patient: age at diagnosis, year of diagnosis, gender, primary site of tumor, T stage, N stage, M stage, surgical resection of the primary site (yes or no), receipt of chemotherapy, marital status, SEER cause-specific death classification, survival months, and vital status. Pancreatic cancer-specific survival (CSS) was defined as the time from diagnosis to death from pancreatic cancer, and OS was defined as the duration from diagnosis to death from any cause. The PS, comorbidity profile of the patients, and regimen of chemotherapy were not provided by the SEER database. The last date of follow-up was on December 31, 2013.
Statistical analysis
The primary end point of this study was CSS, and the secondary end point was OS. The chi-square test was utilized to compare the differences in clinical and demographic features between patients treated with or without surgical resection. CSS and OS were assessed using the Kaplan-Meier method with the log-rank test. Associations between demographic factors with receipt of surgical resection were evaluated using logistic regression analysis. Multivariable survival analyses of CSS and OS were conducted using the Cox proportional hazards model. p<0.05 was considered as statistically significant. All statistical analyses were performed using IBM SPSS Statistics 22.0 (IBM Corporation, Armonk, NY, USA)
Results
Patient characteristics
A total of 28918 patients with mPC were included in the current analysis ( 
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Surgical resection of mPC race between the groups. The detailed patient characteristics are shown in Table 1 .
Factors associated with receipt of surgical resection
To better understand the method of patient selection, we analyzed the clinicopathological factors associated with removal of the primary tumor. As shown in Table 2 , the univariate analysis demonstrated that age <80 years, diagnosed at 2004-2008, married, T3 stage, N1 stage, other histological types other than adenocarcinoma, and receipt of chemotherapy, and tumor of the pancreatic head were associated with an increased possibility of receiving surgery, compared to each referent group. The multivariate analysis showed that patients younger than 70 years, diagnosed at 2004-2008, female, married, at T3 stage, at N1 stage, and having a tumor of the pancreatic head were more likely to be treated with surgical resection.
Survival outcomes
Of a total of 28918 patients, mortality occurred in 27113 (93.8% of 28918) patients at the end of the follow-up. In addition, 25899 (89.6% of 28918) patients were dead due to pancreatic cancer. Regarding CSS, the 1-year CSS rates were 31.1% in the surgery group and 10.4% in the nonsurgery group. The median survival time was 7 months (95% CI=6.04-7.96) for the surgery group and 2 months (95% CI=1.94-2.06) for the nonsurgery group (p<0.001). Concerning OS, the 1-year OS rates were 28.9% and 9.4% in the surgery group and nonsurgery group, respectively. The median survival time was 7 months (95% CI=6.2-7.8) for the surgery group and 2 months (95% CI=1.94-2.06) for the nonsurgery group (p<0.001). The survival curves of CSS and OS are shown in Figure 2 . After adjusting for treatment, age, year of diagnosis, gender, race, marital status, T stage, N stage, chemotherapy receipt, histological type, and tumor size, the multivariate Cox regression analysis revealed that receipt of surgical resection was associated with a better CSS (hazard ratio [HR]=0.58, 95% CI=0.52-0.64) and OS (HR=0.59, 95% CI=0.53-0.65; Table 3 ). Moreover, the results demonstrated that factors associated with poor CSS include the following: age >50 years, male, black ethnicity, unmarried, no receipt of chemotherapy, adenocarcinoma, and a primary site other than the pancreatic head. In addition, poor OS was inclined to occur in patients with the following characteristics: age >50 years, male, black ethnicity, unmarried, no receipt of chemotherapy, adenocarcinoma, and primary site other than pancreatic head. Taken together, these data define a high-risk population profile of patients with mPC. 
Discussion
mPC has a very poor prognosis, with a median survival ranging from 4 to 6 months. 14 Systemic chemotherapy as the mainstay treatment is suggested by the American Society of Clinical Oncology Clinical Practice Guideline. 4 Few studies have investigated the role of surgical resection in the treatment of mPC. We were inspired by the encouraging results from studies on local treatment for metastatic renal cell cancer and colorectal cancer. 6, 7 We explored the association between local treatments on mPC and the survival outcomes, relying on the SEER database. The results showed that surgical resection of the primary tumor was associated with a survival benefit (p<0.001). Patients younger than 70 years, female, married, at T3 stage, at N1 stage, and with tumor of the pancreatic head are likely to be treated with surgery. In addition, multivariate Cox regression confirmed that patients receiving surgical resection had a better CSS and OS. To our knowledge, this is the first study to investigate the role of local treatment in mPC on the population level. Liver is the most common site of pancreatic cancer metastasis due to its anatomical situation. 15 Previous studies have found that a "metastatic niche" already existed in the liver even before the metastases formed. 16, 17 The tumor microenvironment in the metastatic niche is created with the help of a variety of immune cells, including natural killer (NK) cells, T cells, and neutrophils. 16, 18 A subpopulation of migrating CD133 + CXCR4 + cancer stem cells (CSC) is essential for tumor metastasis in pancreatic adenocarcinoma. 19 Cytokines such as TNF-α and TGF-β are found to be upregulated in the tumor microenvironment and may enhance metastasis through inducing epithelial-to-mesenchymal transition (EMT). 20 Circulating tumor cells (CTCs) can also colonize their tumors of origin, which is termed tumor self-seeding. 21 These changes in tumor biology in pancreatic cancer metastasis could be implicated in the process of cancer cell dissemination and could shed light on the rationale for using primary tumor resection. Moreover, evidence showed that the presence of a primary tumor suppresses T-cell and antibody responses; however, surgical removal of the primary tumor restores immunocompetence and enhances the antitumor activity of the immune system. 22 In addition, surgical removal of the primary tumor also inhibits or delays the process of "self-seeding"; as a result, patients receiving surgical resection experience a better prognosis. 23 Current evidence shows that the local treatment of the primary tumor by either radiation therapy or surgery demonstrates a survival benefit in both OS and CSS in patients with metastatic prostate cancer. 9, 24, 25 Culp et al 9 used the SEER database to show that the 5-year OS and predicted disease-free survival are each significantly higher in patients undergoing radical prostatectomy (67.4% and 75.8%, respectively) or brachytherapy (52.6% and 61.3%, respectively) compared with patients who have no local treatment (22.5% and 48.7%, respectively; p<0.001). These results are in line with those of the current study. Moreover, 10 studies in the literature reported that surgical removal of the primary lesion in metastatic breast cancer was associated with a significantly higher OS rate with a pooled HR of 0.65 (95% CI 0.59-0.72), favoring the patients undergoing surgery. 26 Another population-based study also revealed that in stage IV colorectal cancer, patients who received primarycancer-directed surgery (CDS) had a longer OS (median: 10 months) than patients who did not (median: 3 months; p<0.05).
7 Therefore, the benefit of primary tumor removal in metastatic cancer has been shown in previous and in the current studies. Of note, the results showed that in recent years of diagnosis, married status and location on the pancreatic head are predictive of a favorable prognosis. Because patients diagnosed in recent years (2009-2013) have had a relatively short follow-up, the end point event (death) might compare less to the patient cohort recruited several years before (2004) (2005) (2006) (2007) (2008) . Moreover, married status has been shown to play a favorable prognostic role in various cancers, including PC, [27] [28] [29] which highlights the potentially significant impact of social support on cancer treatment and survival. Pancreatic head cancer is symptomatic earlier than cancer in other locations, and therefore, pancreatic head cancer is relatively easy to diagnose and treat early. We noted that, for CSS analysis, 
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Pancreatoduodenectomy is the gold standard operation for malignant disease of the pancreas. 30 In clinical practice, to reduce postoperative complications, particularly pancreatic fistula, different surgical techniques and their modifications have been proposed. Because the best method to address a pancreatic stump is still controversial and remains a matter of speculation, surgeons should master multiple techniques to manage the pancreatic remnant. 30 In addition, when faced with pancreatic neuroendocrine tumors, surgeons should also take conservative observational management and parenchyma-sparing pancreas resections into consideration. 31 There are several limitations to the present study. First, it is limited by the retrospective nature of the analysis; therefore, selection bias could occur. Second, demographic information provided by the SEER database did not include comorbidity, PS, smoking, alcohol consumption, and other detailed factors. The contribution of these factors to the survival benefit could not be evaluated. Third, data on the interval from the surgery until the start of chemotherapy and the regimen of chemotherapy could also have an impact on survival outcomes and provide important implications for clinical practice. However, since the SEER database does not include this information, the influence of these factors could not be evaluated. Despite the stated limitations, our study is a population-based study that included a large number of mPC patients, and the results are convincing.
Conclusion
Our study reveals that local treatment of the primary cancer benefits both CSS and OS in patients with mPC. This result may suggest better procedures for the management of this patient population. Further prospective trials are still needed to validate our results.
